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The atmospheric and solar neutrino problems can be explained in a supersymmetric scenario where R-parity 
is broken bilinear ly. Within this context we explore the decays of the top squark. We find that the Rp violating 
decay ii br can easily dominate over the Rp conserving decay ii cxi and sometimes also over the decay 
ii ~^ ■ We study the implications of non-universal boundary conditions at the GUT scale. 



The SuperKamiokandc collaboration has con- 
firmed the deficit of muon neutrinos from atmo- 
spheric neutrino data Q|. The simplest interpre- 
tation of the data is through z^^ to flavour os- 
cillations with maximal mixing. This experimen- 
tal observation has profound implications on one 
of the fundamental problems in modern physics, 
namely, the pattern of fermion masses and mix- 
ings, and the origin of mass. Recently, a super- 
symmetric solution to this problem was proposed 
|2j , based on an extension of the Minimal Super- 
symmetric Standard Model (MSSM) where R- 
Parity and lepton number are violated through 
bilinear terms in the superpotential (BRpV) . 
The model can be embedded into supergravity 
(SUGRA) with universal boundary conditions at 
the Grand Unification scale (GUT), and radiative 
electroweak breaking |^], in which case, this is a 
one parameter extension of Minimal SUGRA. 

The superpotential contains the following bi- 
linear terms 



mass can be approximated to 



W 



-^HdHu + tiLiHu + ... 



(1) 



where are BRpV parameters with units of mass. 
The rest of the superpotential corresponds to the 
usual Rp conserving Yukawa terms. A tree level 
neutrino mass is generated through neutrino mix- 
ing with neutralinos and a see-saw type mecha- 
nism. If the Ei are small, the tree level neutrino 
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where A; = /iw^ -I- Vd^i , and Vi are the sneutrino 
vevs H,^. The parameters A,; are proportional 
to the vevs of the sneutrinos in the basis where e 
terms are removed from the superpotential. The 
Ai play a crucial role in the determination of the 
atmospheric angle. For example, in Fig. ^we have 
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Figure 1. Atmospheric angle as a function of 
|A^/A,| for Ae = O.IA,. 

the atmospheric angle as a function of |A^/At-| for 
|Ae| = 0.1|At-|. Maximality is obtained for |A^| « 
I At- I as long as |Ae| is small. The solar neutrino 
problem can also be solved by this mechanism . 
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In the determination of neutrino masses and 
mixing angles the one-loop contributions are es- 
sential iTp]- The main loops are given by 




b,H- W- 
where the bottom-sbottom contribution is the 
most important one. One-loop contributions in- 
crease as tan/3 increases and as mo decreases |^]. 
Charginos mix with charged sleptons, therefore 
the last ones also contribute, although less im- 
portantly. The phenomenological implications of 
this mixing in the tau sector can be found in ||]. 
In particular, the mixing does not spoil the well 
measured Ztt and WtVt couplings. 

In BRpV neutral Higgs bosons mix with sneu- 
trinos. This mixing does not affect the upper 
bound on the neutral CP-even Higgs mass, al- 
though in general lowers nih in a few GeV [|. In- 
terestingly, the SUSY solution to the atmospheric 
and solar neutrino problems requires low tan /? 
which in turn implies low Higgs mass nih In 
fact, it was found that tan/3 < 10 and rrih < 115 
GeV H] is required to solve the neutrino prob- 
lems. Small values of tan/3 are already been ex- 
plored by neutral Higgs searches, preliminary rul- 
ing out 1 < tan/3 < 1.8 @. 

Beside the effects on the neutrino sector, BRpV 
has important implications on the phenomenol- 
ogy of supersymmetric particles. To study them, 
it is usually a good approximation to consider 
BRpV only in the tau sector: ei = £2 = 0, £3 ^ 0. 
In this case, the tau-neutrino mass is the only 
non-zero, is given by 
-,2 



2M' 



(3) 



and depends only on the tau-sneutrino vev Wg in 
the rotated basis. In this way, m,j^ gives a good 
order of magnitude of the neutrino masses in the 
complete theory when the details in the neutrino 
sector are not relevant. We have made a scan over 
all the parameters of the theory and in Fig. ^ 
we plot the tau-neutrino mass as a function of 
the parameter ^ = A^. We appreciate that m^^ 
values can be obtained from the collider upper 
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Figure 2. Tau-neutrino mass at tree level as a 
function of the parameter ^ = A^. 



bound of 18 MeV [|ri[ down to eV or smaller. 

The phenomenology of the top-squarks (stops) 
is also affected by BRpV ||l|,|l||. The Rp violat- 
ing couplings of the stop are governed by £3 and 
not by the neutrino mass, which makes them po- 
tentially large. In the following we study in detail 
the Rp violating decay mode ti — > hr and com- 
pare it with the Rp conserving decays ti —> cxi 
and ii bxi ■ In Fig. || we plot the regions 
of parameter space relevant to the three decay 
modes mentioned. We work with BRpV embed- 
ded into SUGRA with universal scalar toq 
gaugino M1/2 masses at the GUT scale. 

We do not study here the decay mode t bH^ . 
The charged Higgs mixes with the staus and their 
rich phenomenology in BRpV can be found in 
fl^ . In particular, a charged Higgs lighter than in 
the MSSM, even after radiative corrections [l^ , 
can be found in global BRpV. In BRpV-SUGRA 
though, the charged Higgs is usually heavier. In 
addition, the constraints on the charged Higgs 
mass from the CLEO measurement for 5(6 —> 57) 
|l|] in the MSSM are relaxed in BRpV 

The first issue we point out is that the one step 
approximation of the RGE's in the analytic deter- 
mination of T(ti cxi) |l^] is usually off by one 
order of magnitude or more. In Fig. |^ we com- 
pare the exact solution with the one-step ap- 
proximation for four different values of tan /3 and 
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: I [a.<-400; m,<480, m,^,<225: 
|ii|Ao<;0, m,<560, ^n,/,<2Z0 
□Ao<200, m„<620, m,„<250 
-- I [Ab<-H3OO.:m-o-<-7-0O, m,7i-<400 
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Figure 3. Kinematical regions in the stop- 
chargino mass plane relevant for the decay modes 
<i br, ii — > cXi, and ii — > bxt ■ 

Ml/2. Note that the approximation can fail for 
several orders of magnitude for one of the exam- 
ples. The main reason for this behaviour is that 
the evolution of Ab depends strongly on M1/2 and 
tan P, and this dependence is lost in the one-step 
approximation. 

In Fig. 1^ we compare the branching ratios of 
the Rp violating decay mode ti — > br and the 
Rp conserving decay ii — > cxi in the regions of 
parameter space where the decay ?i bxt 
closed. We observe that even for small values of 
the BRpV parameters €3 and U3 it is very easy 
for the Rp violating decay mode to dominate: 
B{ti br) > 0.9. This has crucial consequences 
in the experimental strategies in the search for top 
squarks in the region where the stop is roughly 
lighter than the chargino. We note that ti ^ br 
can dominate even for neutrino masses of the or- 
der of 10-2 < m^^ < 10-1 eV ||. 

If rrij^ > TTi^+ + mh then the stop can decay also 
into a chargino and a bottom quark. In Fig. ^ we 
compare this decay mode with the Rp violating 
one. We show in the plane m^^ — the regions 

where the RpV decay B{ii br) dominates over 
the Rp conserving decay B{ii &X^)- the 
shaded region the decay ii — > 6x1^ is not allowed. 
Between the shaded region and the inclined lines 



Figure 4. Comparison between the one step ap- 
proximation of r(ti cxi) and its exact numeri- 
cal value for different regions in parameter space. 

we have an RpV decay rate larger than the Rp 
conserving one. For small values of the parameter 
63 the RpV decay dominates only if close to the 
threshold, where a large kinematical suppression 
is present. 

It is interesting to correlate these branching ra- 
tios with the neutrino mass, which in first approx- 
imation it is given by eq. (|^). The sneutrino vev 
is determined by the minimization of the scalar 
potential, which in BRpV involve three tadpole 
equations. In models with universality of scalar 
masses at the GUT scale the sneutrino vev at tree 
level is |§ 

where Am^ = to|j^ — m^^ and A_B ~ — B are 
evaluated at the weak scale. With soft universal- 
ity at the GUT scale, these two differences are 
naturally small because they are radiativelly gen- 
erated and proportional to the bottom Yukawa 
coupling squared. In order to have small neutrino 
masses without small values of £3 it is some times 
necessary to rely in cancelations between the two 
terms in eq. (^. In the next figures we see that 
this cancelation is not big enough to consider it a 
fine tunning. In addition, we study the effect of 
relaxing the universality at the GUT scale. 




Figure 5. Regions in the m-^o — rrij^ plane where 
the Rp violating decay mode ii br is larger 
than 90%. 



Figure 6. Contours where the decay ti —^ br dom- 
inates over fi — > bxi in the plane v/s m^+. 



In Fig. we have the ratio r(fi bT)/T{ii 
bxi) as a function of the neutrino mass. Large Rp 
violating branching ratios appear for large tan /? 
and large values of £3. Larger T{ii br) and 
smaller neutrino masses are obtained if we accept 
cancellations between the two terms in eq. (^). 
We do not think that cancelations up to four or- 
der of magnitude is a fine tunning, as it happens 
between vev's in the MSSM with large values of 
tan/3. We have omitted from Fig. [^points with 
large kinematical suppressions. 

In Fig. wc imposed rnj^^ — rn\^ at the GUT 
scale but not = B. The effect of imposing 
universality B3 — B at the GUT scale is to elimi- 
nate the points in the lower right corner in Fig. ^ 
|l3|| . The effect of not imposing the universality 
condition mj^^ = ra\, at the GUT scale is more 
dramatic and is analyzed in the next figure. 

In Fig. H we plot the neutrino mass as a func- 
tion of the parameter sin^ — v'^^/v'i for |e3|//i — 1 
and the two values tan/3 = 3 and 46, which 
translates into the nearly constant values r{ti 
bT)/T{ii bxt) = 2 X 10-3 and 0.4 ± 0.2 re- 
spectively. We are accepting cancelations be- 
tween the two terms in eq. of only one or- 
der of magnitude. The minimum value of m^^ 
attainable in each case depends on the degree of 



non-universality. For tan/3 = 3 tiny deviations 
from mlf^ / — 1 are enough to obtain neutrino 
masses of the order of eV. For tan /3 = 46 larger 
deviations are necessary. We note that SUGRA 
models based on the 50(10) gauge group with 
universality of Yukawa couplings, which need val- 
ues of tan/3 ~ 45 — 55, can produce the cor- 
rect amount of non-universality from extra D- 
term contributions associated with the reduction 
in rank of the gauge symmetry group when spon- 
taneously breaks to SU{3) x SU{2) x C/(l) |2l|. 

In summary, the Bilinear R-Parity Violating 
extension of the MSSM can solve the atmospheric 
and solar neutrino problems by giving mass and 
mixing to the neutrinos through mixing with neu- 
tralinos. In this context, the Rp violating decay 
mode of the lightest stop ti —^ br can dominate 
over the conventional modes introducing new sig- 
nals that modofy the search of stops in colliders. 
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Figure 7. Allowed regions for Y(t\ hT)lY(t\ 
^Xi") &s a function of the tau neutrino mass 
for different amounts of cancellation between the 
two terms that contribute to rrii,^ . We consider 
63/^1 = 1 (inside the dashed hues), |e3//x| = 0.1 
(solid), and leg/^] = 0.01 (dotted). 
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